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Objective: To study the value of physical, mental, and social
characteristics as predictors of functional outcome of elderly
amputees.
Design: Prospective, inception cohort study; comparisons
with reference populations.
Setting: Main hospitals, rehabilitation centers, nursing
homes, patients’ own residence settings in 1 of the 3 northern
provinces in the Netherlands.
Participants: Forty-six patients older than 60 years, with
unilateral transtibial or transfemoral amputation or knee disar-
ticulation because of vascular disease.
Interventions: Measurement of physical, mental, and social
predictors 2 and 6 weeks postamputation.
Main Outcome Measures: The Sickness Impact Proﬁle
(SIP-68), Groningen Activity Restriction Scale (GARS),
Timed up and go (TUG) test, and prosthetic use.
Results: A total of 15% of amputees died within the ﬁrst
year after amputation. Seventy percent lived independently at
home 1 year postamputation. The functional level of the pa-
tients was low, as shown by high scores on the SIP-68 (mean,
23.6), GARS (mean, 41.2), and TUG test (mean, 23.9s). Func-
tionally effective prosthetic use, as measured with the classi-
ﬁcation of Narang and Pohjolainen, was reached by 49%. For
the SIP-68 scores, age, comorbidity, 1-leg balance, and the
15-word test predicted functional outcome in 69% of amputees.
For the GARS score, age, 1-leg balance, and the 15-word test
predicted functional outcome in 64%. For the TUG test, age
and 1-leg balance predicted functional outcome in 42% of
amputees. After correction for age, the only signiﬁcant predic-
tor for prosthetic use was 1-leg balance.
Conclusions: Elderly patients with a leg amputation had a
low functional level 1-year postamputation. An important part
of functional outcome could be predicted 2 weeks after ampu-
tation by age at amputation, 1-leg balance on the unaffected
limb, and cognitive impairment. Severe comorbidity probably
also played a role. The results may be used in the general
policy concerning leg amputees.
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Rehabilitation; Treatment outcomes.
© 2003 by the American Congress of Rehabilitation Medi-
cine and the American Academy of Physical Medicine and
Rehabilitation
I
N THE NETHERLANDS, 3000 primary amputations of the
lower limb are performed annually.1 Most patients are older
than 60 years, and 80% to 90% of the amputations are per-
formed as a result of vascular problems.1-3 The prediction of
functional outcome is important in rehabilitation medicine. The
most important functional capabilities of elderly patients are in
their personal care, household activities, and recreational ac-
tivities.
Several predictors for functional outcome of amputee pa-
tients are mentioned in the literature. In general, the functional
capabilities of patients with a higher amputation level and a
higher age are worse than that of younger patients with a lower
amputation level.4-9 It is also generally accepted that the phys-
ical condition and the presence of comorbidity predict the
functional possibilities after amputation.2,4,10-12 Cardiopulmo-
nary diseases in particular cause a lack of extra energy neces-
sary for walking with a prosthesis.10,13,14 Other diseases affect-
ing the locomotor system diminish the functional prospectives
of amputees.
Characteristics of the stump are important for the success of
prosthetic ﬁtting. Persson and Liedberg15 and Pohjolainen16
reported a systematic description of the stump characteristics
based on the Clinical Standard of Measurement and Classiﬁ-
cation of Amputation Stumps, deﬁned at the International So-
ciety of Prosthetics and Orthotics congress in Bologna in 1980.
Healing problems of the residual limb and restricted mobility in
the joint proximal to the amputation cause a delay in prosthetic
ﬁtting10 and reﬂect a bad stump condition.17,18 In literature, the
negative relationship between stump pain and/or phantom pain
and functioning is reported.16 However, it is not evident
whether the level of pain immediately after amputation is
predictive of a worse functional outcome.
Geurts19 described the problems people with an amputation
have in maintaining their balance during the performance of
dual tasks. Hermodsson20 showed an increase in lateral sway in
a 2-leg standing test of transtibial amputees, compared with
healthy subjects. Standing balance is important in many daily
activities, and a good standing balance on the unaffected limb
can be beneﬁcial for the functional outcome of amputees,
irrespective of prosthetic ﬁtting.
Information about the predictive value of mental distur-
bances and cognitive impairments for the functional outcome
after a lower-limb amputation is scarce. Kashani et al21 de-
scribed many amputee patients with depressive symptoms after
an amputation. However, this connection was not conﬁrmed by
Frank et al22 or Furst and Humphrey.23 The relationship with
functional outcome is unclear. Pinzur et al24 reported a relation
between the results of several psychologic tests and the success
of prosthetic ﬁtting. Phillips et al25 found that amputees’ scores
were lower for several neuropsychologic tests, possibly be-
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Arch Phys Med Rehabil Vol 84, June 2003cause of the coexistence of peripheral vascular disease and
cerebrovascular disease. In the study of Hanspal and Fisher,26
a relationship existed between the mobility of the older ampu-
tee and his/her score on the Clifton assessment scale as a
measurement for cognitive and psychomotor functions.
In clinical practice, rehabilitation specialists always empha-
size the importance of the social support of the family and
friends in the functioning of the patient. The importance of
social support was also described by Thompson and Haran.27
However, the literature contains little information about its
predictive value for the patient’s rehabilitation outcome. Helm
et al5 and Nissen and Newman12 did not ﬁnd a relation between
the amputees’ social situation and his/her functional results.
Most studies concerning predictors of functional outcome
after a lower-limb amputation are retrospective. Moreover,
most are carried out only on patients who have been referred
for limb ﬁtting. Not all amputees are candidates for a prosthe-
sis; therefore, a course in rehabilitation to learn wheelchair use
and transfer activities may also be beneﬁcial. Most of the
literature deﬁnes functional outcome only in terms of prosthetic
use, but general measures of functional outcome with or with-
out a prosthesis are equally important.
The purpose of our research was to study physical, mental,
and social characteristics just after amputation, to assess func-
tional outcome 1 year after amputation, and to identify predic-
tors for functional outcome of elderly patients who had a
unilateral lower-limb amputation. It is important, for clinical
practice, to predict the functional outcome as soon as possible
after the amputation. Our ﬁrst intention was to predict 2 weeks
after amputation the functional outcome after 1 year. However,
we realized that this early measurement might be greatly in-
ﬂuenced by the disease process that lead to the amputation or
surgery; therefore, we also studied potential predictive factors




Patients met the following inclusion criteria: older than 60
years, a unilateral transtibial or transfemoral amputation or a
knee disarticulation because of peripheral vascular disease with
or without diabetes mellitus, and living in 1 of the 3 northern
provinces in the Netherlands. Patients were excluded if they
were unable to understand the test instructions, or if they were
severely disabled without any walking ability before the am-
putation for reasons unrelated to peripheral vascular insufﬁ-
ciency. Patients were recruited from the main hospitals of the
3 northern provinces in the Netherlands. Patients were asked to
participate by their surgeon or by their rehabilitation specialist
and were informed by the researcher (TS) or a research nurse.
The patients also signed an informed consent before partici-
pating in the study. Ninety-seven patients were recruited by the
surgeons and rehabilitation specialists (ﬁg 1). Thirteen refused
to participate, 21 could not participate because of severe cog-
nitive impairment or severe physical impairment (dying or very
bad condition), and in the 2 other patients multiple reasons
played a role. Ten patients were presented too late to partici-
pate. Three patients died between 2 and 6 weeks after ampu-
tation, and 2 refused to participate further after the ﬁrst mea-
surement. A total of 46 patients participated in the study. Table
1 shows the patient characteristics. This table also shows that
primary rehabilitation took place in a rehabilitation center in
67% of subjects, whereas 26% went to a nursing home to
rehabilitate and 7% received another kind of treatment, pre-
dominantly physiotherapy at home.
Study Design
We performed a prospective cohort study that included pa-
tients whose amputations were done between October 1997 and
June 2000. Patients were followed from 2 weeks to 1 year after
amputation. When a patient had a second amputation of the
same leg within 2 weeks after the ﬁrst surgery (n2), the ﬁrst
measurement was done 2 weeks after the second amputation.
When the patient underwent a second amputation during the
rest of the follow-up period, this was noted as a complication
during follow-up. We visited participants 4 times: 2 weeks
after amputation, 6 weeks after amputation, 6 months after
amputation, and 1 year after amputation. At 2 and 6 weeks after
amputation, we measured patients’ physical, mental, and social
characteristics. Six months after the amputation, we looked at
the development of their functional capabilities, and 1 year
after amputation we measured their functional outcome para-
meters. This report presents the results of measurements taken
at 2 times, T1 and T2 (2 and 6wk after amputation, respec-
Fig 1. Participant attrition between recruitment and study end.
Table 1: Patient Characteristics (N46)
Men, n (%) 32 (70)
Women, n (%) 14 (30)
Mean age at amputation  SD (y) 73.97.9
Amputation level, n (%)
Transtibial 33 (72)
Knee disarticulation 8 (17)
Transfemoral 5 (11)
Primary location for rehabilitation, n (%)
Rehabilitation center 31 (67)
Nursing home 12 (26)
Other 3 (7)
Abbreviation: SD, standard deviation.
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after amputation), most subjects were still in their rehabilitation
process, and their deﬁnitive functional outcome could not be
assessed. The researchers visited the patients where they were
staying at the moment of the visit (ie, at the hospital, the
rehabilitation center, the nursing home, or at their own home).
The study was approved by the Medical Ethics Committee of
the University Hospital Groningen.
Potential Predictors of Functional Outcome
The instruments used to measure the potential predictors had
to be easily transported and useful at all locations and had to
minimize the efforts of the elderly patients. Below, we describe
the physical, mental, and social characteristics analyzed as
potential predictors, and we describe their scoring systems.
Physical characteristics. The following 7 characteristics
were hypothesized to be physical predictors: (1) age; (2) am-
putation level (transtibial, knee disarticulation, transfemoral),
(3) healing of the stump (healed vs nonhealed), (4) extension of
knee or hip (restricted vs unrestricted), (5) stump pain and/or
phantom pain (none/little vs severe), (6) standing balance on
the unaffected limb (not possible, possible with support, pos-
sible without support 10s, possible without support 10s),
and (7) comorbidity (presence or absence of diabetes mellitus,
cardiopulmonary disease, other diseases or disabilities).
Joint range of motion (hypothesis 4) was measured in the
joint proximal to the amputation with a goniometer. Normal
knee extension is 0° to 10°. Less knee extension was deﬁned
as restricted. Normal hip extension is 0° to 10°. Less hip
extension was deﬁned as restricted. Detailed measurements, for
example, on a balance platform, were not possible 2 weeks
after the amputation or in all residence settings. The parameter
we therefore used for standing balance (hypothesis 6) was
whether patients could stand on their unaffected limb, with or
without support by a walking frame. The time they could stand
on the unaffected limb was recorded with a stopwatch. During
standing patients were not allowed to hop, and they wore their
own shoe on the unaffected limb. The researcher was standing
next to the patient, the walking frame before the patient, and a
chair behind the patient to prevent them from falling. Comor-
bidity (hypothesis 7) was assessed by using the combination of
a structured self-report questionnaire28 and data from the med-
ical records. As a further evaluation for comorbidity, patients’
pulmonary function was measured with a portable spirometer.
The Tifﬁnau index (ie, forced expiratory volume/forced vital
capacity  100%) was used as a measure of obstructional
disease.
Mental characteristics. The following 4 affective and cog-
nitive characteristics were hypothesized to be predictors: (1)
mood disturbances, measured with the Beck Depression Inven-
tory29,30 (BDI); (2) cognitive abilities measured by the Cogni-
tive Screening Test31 (CST); (3) memory, as evidenced by the
15-word test32; and (4) information processing and concentra-
tion, according to the Stroop Color-Word Test33,34 (CWT).
The BDI29,30 (hypothesis 1) consists of 21 questions with 4
answer categories. The patient should report the feelings and
emotions during the last week to assess the degree of depres-
sive symptoms. A higher score indicates more depressive
symptoms. The score ranges from 0 to 63. The CST31 (hypoth-
esis 2), a short questionnaire (20 items) based on the Pfeiffer
Short Portable Mental Status Questionnaire, assesses orienta-
tion in time, place, and person, and general knowledge. A
lower score indicates more cognitive impairment, and the score
varies from 0 to 20. An indication of severe cognitive impair-
ment by using the CST was deﬁned as a score 15.31 The
15-word test (hypothesis 3) measures short-term word memory
and delayed recall after 15 to 30 minutes.32 The patient hears
15 words in 30 seconds on a tape recorder, and must reproduce
as many words as possible. The words are repeated 5 times
with reproduction of the subject. The score for the immediate
reproduction varies from 0 to 75. In addition, decile scores can
be calculated according to age and education level. After 15 to
30 minutes, the subject repeats all the words he/she still re-
members without hearing the words again (delayed recall of 0
to 15 words). The delayed recall score can also be expressed as
a decile score, related to the score of immediate reproduction.
The Stroop CWT (hypothesis 4) measures interference in cog-
nitive functioning by color-word denomination.33,34 The patient
reads 3 cards: one with 10 rows of 10 names of colors (printed
in black), one with 10 rows of 10 rectangles of these colors, and
one with 10 rows of colored words representing color names
that were incongruent with the printed colors. The time score of
the last card is taken in the analyses as an indicator of infor-
mation processing. Decile scores can be calculated, related to
the time necessary for the ﬁrst 2 cards.
Social characteristics. We hypothesized that the following
2 social characteristics would predict functional outcome: (1)
partner (present vs absent) and (2) results on the Social Support
Questionnaire–Interactions, 12-item version (SSL12-I), which
is a short version of the SSL-I.35 The questionnaire contains 12
questions with 4 answer categories addressing everyday sup-
port, support in case of problems, and the degree of apprecia-
tion. The higher the score, the more support someone experi-
ences. The score range is from 12 to 48.
Functional Outcome Parameters
We used 4 tests to quantify functional ability after amputa-
tion: (1) The Sickness Impact Proﬁle, 68-item version36-40
(SIP-68), a measure of “health-related changes in behavior
associated with the carrying out of one’s daily activities”; (2)
the Groningen Activity Restriction Scale41-43 (GARS), a short
questionnaire with 18 items assessing disability in the area of
activities of daily living (ADLs; including mobility) and also
instrumented activities of daily living (IADLs); (3) the Timed
up and go (TUG) test44-46; and (4) prosthetic use, as classiﬁed
by Narang et al7 and Pohjolainen et al.8
The SIP-68 consists of 68 items about behavior, subdivided
into 6 categories: somatic autonomy, mobility control, psychic
autonomy and communication, social behavior, emotional sta-
bility, and mobility range. A total sum score can be calculated
in addition to the subscores on the different subscales. The
GARS has a 4-category response format: (1) independently
performs the activity without any difﬁculty, (2) independently
performs the activity with some difﬁculty, (3) independently
performs the activity with great difﬁculty, and (4) is unable to
perform the activity independently. The score varies from 18 to
72. With a score of 18, the person can perform all the activities
without any difﬁculty; with a score of 72, the person cannot
perform any activity without the help of others. The TUG test
was performed as follows: subjects sat in a standard arm chair
(seat height, 46cm; arm height, 67cm) with their back against
the chair, arms resting on the chair’s arms, and their walking
aid at hand. Subjects wore their regular footwear and used their
customary walking aid. On the word “go” the subject had to get
up, walk to a line on the ﬂoor 3m away (on a standard carpet),
turn, walk back to the chair, and sit down again. Subjects chose
their own comfortable and safe walking speed. A stopwatch
was used to time the performance (in seconds). This test could
only be performed by patients who had walking ability 1 year
after the amputation. Prosthesis use was deﬁned by graded
classiﬁcations (table 2).7,8
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We calculated, with the premise of an explained variance of
30% to 50% and a power of .80, that we needed 100 partici-
pants to assess whether a given prediction of functional out-
come was reliable. Descriptive statistics were performed by
using the SPSS.
a The association between the predictors and
the SIP, GARS, and TUG test was tested with univariate linear
regression analyses. The association between the predictors
and prosthesis use was shown by using univariate logistic
regression analyses. Prosthetic use was therefore dichotomized
into functional use (score, I–IV) and nonfunctional use (score,
V–VIII). The associations found in the univariate analyses
were used for preselection of variables to be included in the
multivariate analyses. Prediction models were assessed with
forward multivariate regression analysis. Age at amputation
was entered as a basic variable in all multivariate analyses.
Second, other predictors were included in the multivariate
regression analysis when their P value in the univariate anal-
yses in the relationship with the dependent variable was .05.
The signiﬁcance level in the multivariate analyses of predictors
was chosen as  equal to .05.
The differences in functional outcome scores between the
groups with different scores on the 1-leg balance test was tested
with analysis of variance (ANOVA), with a correction for age
at amputation.
RESULTS
Physical, Mental, and Social Characteristics 2 and 6
Weeks After Amputation
Table 3 shows the characteristics of the patients 2 and 6
weeks after amputation. Physical and mental characteristics
apparently improved between the 2 measurements. According
to Bouman et al,30 the BDI scores could be divided into 7
severity categories. A total of 19% and 11% of the patients had
a score above average on the intensity scale for depression at 2
and 6 weeks after amputation, respectively. According to the
scores on the CST, 10 amputee patients fulﬁlled the criteria for
severe cognitive impairment 2 weeks postamputation and only
4 patients 6 weeks after amputation. On the immediate recall of
the 15-word test, most people scored in the lowest 5 deciles
(2wk, 90%; 6wk, 73%). On the delayed recall, at 2 weeks 50%
and at 6 weeks 59% scored in the lowest 5 deciles. The decile
scores on the Stroop CWT were very low. At 2 weeks, 97%
and, at 6 weeks, 81% scored in the 2 lowest deciles, and only
1 patient at T1 and 2 patients at T2 scored in the highest decile.
The sum scores on the SSL12-I (2wk, 28.3; 6wk, 27.9) were
slightly higher than that of a healthy reference population
(N245) in the north of the Netherlands (26.4).
Survival, Comorbidity During Follow-Up, and Loss
During Follow-Up
Of the 46 patients included in this study, 7 died within the
ﬁrst year after amputation. One patient was too ill to perform
the last measurement and 1 patient could not be traced any-
more. Functional outcome data were available for 37 patients.
Of the 31 subjects who went to a rehabilitation center, only 1
patient died, whereas, of the 15 patients who went to a nursing
home or received other therapy, 6 died. During the follow-up
period, 1 patient needed a reamputation at a higher level and 3
patients became bilaterally amputated.
Functional Outcome 1 Year After Amputation
Living environment. Of the 37 subjects, 28 (70%) lived
independently at home, 7 (19%) lived in a nursing home or
home for the elderly, and 2 other subjects stayed in a rehabil-
itation center.
Sickness Impact Proﬁle. The mean total score of amputee
on the SIP-68 was 23.613.0. This was much higher than the
score of 10.59.6 for a reference group of 2387 patients with
multiple pathology,40 meaning that the present study’s ampu-
tees experienced more restrictions in their daily functioning.
Groningen Activity Restriction Scale. On the GARS, our
patient group showed more restrictions in daily activities
than a reference population of healthy subjects in the north
of the Netherlands. The mean score of the amputees was
41.215.4, whereas for the able-bodied reference group it
was 22.17.6.41 Amputees had more problems in ADLs as
well as in IADLs.
TUG test. Eighteen subjects were able to perform the TUG
test. The mean time score was 23.9 seconds (median, 21.3s;
standard deviation, 13.2s). This score was comparable to the
scores of an amputee group in a previous study46 in which
amputees on average took 2522 seconds to perform the test.
In a study by Newton,47 the mean time on the TUG test of 251
healthy elderly people was only 15 seconds.
Prosthetic use. One year after amputation, 11 of the 37
patients whom we visited did not possess a prosthesis (see table
2). Of the remaining 26 patients, 7 were nonambulatory except
in a wheelchair and 1 only used his prosthesis marginally at
home. Functional prosthetic use was only reached by 18 pa-
tients (49%).
Table 2: Prosthetic Use 1 Year After a Lower-Limb Amputation
Grade Description n*
I Ambulates with a prosthesis but without other walking aids 4
II Independent at home, ambulating with a prosthesis, but requires 1 or 2
walking sticks or crutches for outdoor activities
6
III Independent indoors, ambulating with a prosthesis and 1 stick or crutch, but
requires 2 crutches outdoors and occasionally a wheelchair
6
IV Walks indoors with a prosthesis and 2 crutches or a walker, but requires a
wheelchair for outdoor activities
2
V Walks indoors only short distances, ambulating mostly with a wheelchair 1
VI Walks with aids but without a prosthesis 0
VII Nonambulatory except in a wheelchair, patient possesses a prosthesis 7
VIII Nonambulatory except in a wheelchair, patient does not possess a prosthesis 11
* Patients at that grade 1-year postamputation.
Adapted from Narang et al7 and Pohjolainen et al8 and reprinted with permission.
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Table 4 shows the relationship between the potential predic-
tors 2 weeks after amputation and the outcome parameters 1
year after amputation, tested with univariate linear and logistic
regression analyses. Age at amputation correlated signiﬁcantly
with SIP-68 and GARS scores. Potential predictors signiﬁ-
cantly related with the SIP-68 and the GARS were diabetes
mellitus, other comorbidity, 1-leg balance, BDI, CST, 15-word
test, and the Stroop CWT. Two potential predictors showed a
relationship with the TUG test: 1-leg balance and the BDI.
One-leg balance was the only factor that signiﬁcantly corre-
lated with prosthetic use.
Age at amputation and the other signiﬁcant factors were
included in the forward multivariate regression analyses (table
5).
Sickness Impact Proﬁle. Age explained 18% of the vari-
ance of the SIP-68 scores. The most important other predictors
were presence of other comorbidity (besides cardiopulmonary
or diabetes mellitus), 1-leg balance, and the 15-word test.
These 3 predictors explained 51% of the variance in the SIP-68
scores. The total explained variance was 69%.
Groningen Activity Restriction Scale. Because 31% of the
GARS scores were explained by age at amputation, and an-
other 33% could be explained by 1-leg balance and the 15-
Word test, the total explained variance of the GARS score was
64%.
TUG test. Age at amputation explained 10% of the scores
on the TUG test. An additional 32% was explained by 1-leg
balance; the total explained variance was 42%.
Prosthetic use. As already showed in the univariate anal-
yses, the only signiﬁcant predictor for prosthetic use, besides
age, was 1-leg balance. Of the 18 patients with functional use
of their prosthesis 1 year after the amputation, 3 could not stand
on 1 leg 2 weeks after the amputation, and 6 could stand
without support for more than 10 seconds. Of the 19 patients
without a functional prosthesis, 2 weeks after the amputation
10 could not stand on 1 leg and 1 could stand without support
for more than 10 seconds (table 6).
Comparison of Prediction of Functional Outcome 2 and 6
Weeks After Amputation
Table 3 showed differences in the characteristics 2 and 6
weeks postamputation. Despite these differences, the predictors
were very much alike at both measurement moments. Small
differences existed in predicting the SIP scores because, at 6
weeks, diabetes was somewhat more important than other
comorbidity, and the CST became more important than the
15-word test. In predicting the GARS, the BDI became more
important at 6 weeks than the 15-word test. No other differ-
ences existed. In addition, the percentage explained variance
was only slightly higher at 6 weeks than at 2 weeks postam-
putation. Because of these marginal differences, we only
present the prediction model at 2 weeks postamputation as the
most important for clinical purposes.
One-Leg Balance and Functional Outcome
As shown in our statistical analysis of 1-year outcome,
balance on the unaffected leg was the most important predictor
for all 4 outcome measurements, after adjustment for age. It is
clear from this data (see table 6) that the most important
differences in functional outcome after 1 year are predicted by
a score on the 1-leg balance of 0 or 1 (not possible or possible
with support) in contrast to a score of 2 or 3 (possible without
support). People who were unable to stand without support 2
weeks after amputation had a score on the SIP-68 and the
GARS above the mean score 1 year after amputation. People
who were able to stand without support 2 weeks after ampu-







Diabetes mellitus 54 54
Cardiopulmonary 67 67
Other 80 85
Mean pulmonary function  SD (FEV1%VC) 80.414.4 82.819.4
Nonhealed scar on stump (%) 71 52
Limited extension of proximal joint (%) 50 31
Stump and/or phantom pain (%) 41 28
1-leg balance (%)
Not able to stand on 1 leg 42 17
Able to stand on 1 leg with support 20 37
Able to stand on 1 leg without support 10s 22 17
Able to stand on 1 leg without support 10s 16 28
Mental predictors
Mean BDI  SD 12.710.2 11.58.4
Mean CST  SD 16.82.8 17.62.2
Mean 15-word test  SD
Immediate recall 23.29.9 29.212.6
Delayed recall 3.8 (2.6) 5.0 (3.4)
Mean Stroop CWT  SD (median) (s) 236111 (188) 18495 (138)
Social predictors
Partner present (%) 59 59
Mean SSL12-I  SD 28.35.8 27.95.3
Abbreviations: FEV1%VC, forced expiratory volume in 1s as a percentage of vital capacity; SD, standard deviation.
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year after amputation. This difference was less evident when
comparing TUG test scores, but this is probably because of the
small number of patients in each group; only 2 patients who
could perform the TUG test were able to stand on 1 leg without
supports for 10 seconds or longer. Also 1 year after amputation,
a marked difference existed in prosthetic use between people
who could stand only with support on the unaffected limb 2
weeks postamputation (only 5/21 with functional prosthetic
use) and people who could stand on the unaffected limb with-
out support (13/16 with functional prosthetic use). The group
differences mentioned were signiﬁcant (P.000), when tested
with ANOVA after correction for age at amputation.
DISCUSSION
Study Limitations
The main problem in our research was the number of par-
ticipating patients. During the study, the number of 100 par-
ticipants was not attained. To minimize the impact of this
deﬁcit, we restricted the number of predictors in the analyses.
Factors with very skewed distributions or factors we judged as
not reliably measured were not used in the analyses. Despite
the restricted number of participants, it is among the largest
sample populations achieved in a prospective study, and it
gives a great deal of information as a basis for further research
about this topic.
Altman48 describes a framework for assessing the internal
validity of studies dealing with prognosis. Many of these
qualities were met in our research, but some problems could
not be avoided. Altman’s ﬁrst point concerns the correct sam-
ple of patients. We studied prognostic variables for all lower-
limb amputees—not just for those ﬁtted with a prosthesis.
However, patients with very severe cognitive or physical prob-
lems, who were unable to perform our tests, were excluded.
Our results, therefore, cannot be generalized to amputees with
very severe cognitive or physical disabilities. In clinical prac-
tice, however, there is no discussion about the lack of rehabil-
itation potential of these patients and their bad functional
prognosis. The second criterion is a sufﬁciently long follow-up
period. We believe that 1 year after an amputation a patient’s
functional outcome can accurately be assessed. When we vis-
ited the patients 6 months after their amputation, most persons
were still undergoing therapy or had not returned to their
family residence. After a year, most people had ﬁnished their
Table 5: Predictors for Functional Outcome 2 Weeks
Postamputation, Tested With Multivariate Regression Analysis
SIP-68 GARS TUG Test
Age at amputation .25 .42 .19
R
2 .18 .31 .10
Other comorbidity .43 NS NS
1-leg balance .33 .40 .58
15-word test .26 .32 NS
R
2 change .51 .33 .32
Total R
2 .69 .64 .42
NOTE.  coefﬁcients and the explained variance (R
2 in bold num-
bers) of the relationship between signiﬁcant predictors and outcome
measures are presented.
Abbreviation: NS, not signiﬁcant.
Table 4: Univariate Relations Between Predictors 2 Weeks After Amputation (T1) and Functional Outcome 1 Year After Amputation (T4)
SIP-68* GARS* TUG Test* Prosthetic Use
†
Basic predictor
Age at amputation .45 (.005) .56 (.000) .31 (.204) .02 (.685)
Physical predictors
Amputation level
KD vs TT .01 (.943) .01 (.949) .06 (.818) .41 (.679)
TF vs TT .11 (.518) .22 (.183) .30 (.228) .69 (.586)
Comorbidity
Diabetes mellitus .49 (.002) .33 (.043) .42 (.082) .77 (.257)
Cardiopulmonary .01 (.938) .02 (.903) .26 (.296) .13 (.842)
Other .59 (.000) .48 (.002) .39 (.112) 1.18 (.195)
Pulmonary function .04 (.806) .03 (.875) .25 (.350) .00 (.923)
Scar healing .12 (.474) .20 (.235) .37 (.127) .00 (1.00)
Limited joint extension .27 (.147) .22 (.249) .18 (.531) .00 (1.00)
Stump/phantom pain .17 (.303) .19 (.256) .04 (.889) 1.23 (.076)
1-leg balance .67 (.000) .63 (.000) .59 (.011) 1.14 (.003)
Mental predictors
BDI .45 (.005) .38 (.022) .50 (.043) .00 (.942)
CST .35 (.038) .42 (.010) .22 (.371) .11 (.386)
15-word test
Immediate recall .53 (.002) .54 (.001) .27 (.301) .07 (.067)
Delayed recall .36 (.048) .39 (.030) .19 (.500) .16 (.255)
Stroop CWT .40 (.022) .39 (.029) .26 (.311) .00 (.551)
Social predictors
Partner .19 (.273) .32 (.055) .19 (.448) .13 (.842)
SSL12-I .05 (.789) .02 (.913) .40 (.097) .01 (.799)
NOTE. Bold numbers represent coefﬁcients with P.05.
Abbreviations: KD, knee disarticulation; TT, transtibial; TF, transfemoral.
* Bivariate linear regression:  coefﬁcients are given with P values in brackets.
† Bivariate logistic regression:  coefﬁcients are given with P values in brackets.
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nursing home, or in a home for the elderly. The third and fourth
study features described by Altman concern the prognostic
variables and the outcome measures. The potential prognostic
variables were available for most of our subjects. Some stump
characteristics could not be measured because of bandages or
plaster casts. We used 4 different instruments to measure
functional outcome. The 2 self-report questionnaires (SIP-68,
GARS) reﬂect the patients’ opinions about their functioning.
While visiting patients, we noticed a good correlation between
the subjects’ functional capabilities and their report on the
questionnaires. We used generic instruments because we
wanted to obtain information about patients’ overall function-
ing, with or without a prosthesis. The TUG test is a reliable and
valid test of functional mobility of amputees.46 In the present
study, only 18 patients with the ability to walk and no tempo-
rary problems with the stump or prosthesis could perform the
test. Many scales for measuring prosthesis use are available.49
We selected the classiﬁcation described by Narang et al7 and
Pohjolainen et al8 because it provided detailed information
about the functional use of the prosthesis in our study popula-
tion. The last criterion, standardization of treatment subsequent
to inclusion in the cohort, could not be fulﬁlled. The treatment
was not standardized or randomized. The choice of a certain
treatment was made by the rehabilitation specialist at the local
hospital. Although this did not inﬂuence the prognostic factors
2 weeks after the amputation, it could have inﬂuenced the
outcome measurements 1 year after the amputation. We were
not able to study the inﬂuence of the therapy between 2 and 6
weeks postamputation and 1 year postamputation.
Functional Outcome
Fifteen percent of patients died in the ﬁrst year after ampu-
tation. Mortality within 1 year ranges from 26% in the United
States to 39% in Finland.50 Our percentage was somewhat
lower, but that may be the result of our excluding patients with
severe disability, as previously mentioned. Fewer patients who
went to a rehabilitation center died in the ﬁrst year after
amputation than patients who went to a nursing home after
their initial hospital stay. It is likely that patients selected for a
rehabilitation center were patients with a better physical con-
dition. The percentage (70%) of our patients returning to their
homes after amputation was somewhat lower than in the pop-
ulation of Rommers et al,1 which was also from the north of the
Netherlands. This difference is caused by their inclusion of
patients treated in a rehabilitation center, because this protocol
creates a selection of better functioning patients. The number
of our amputee patients who returned home was comparable to
the study of Stewart and Jain51 and somewhat higher than that
in the study of Larsson et al,18 which only studied subjects with
diabetes.
Amputees on average have a low level of functioning, as
indicated by SIP-68, GARS, and TUG test scores. This ﬁnding
was also shown in previous studies.2,3,50 The percentage (49%)
of patients who had functional prosthetic use was low in our
study population. In most other studies patients were only
included when they went for prosthesis training, but this was
not the case in our present research. This may be the cause of
the low prosthetic use. It was somewhat higher than in the
study by Fletcher et al,52 who reported 36% of successfully
ﬁtted geriatric vascular amputee patients in an unselected pop-
ulation.
Prediction of Functional Outcome
SIP-68 and GARS scores showed that age at amputation was
especially important for a patient’s general functioning. Stand-
ing balance on the unaffected limb 2 weeks after amputation
was a signiﬁcant predictor of all functional outcome parame-
ters. The 1-leg standing test was easy to apply and may reﬂect
several physical conditions in 1 simple test. In addition to
balance in general, it may reﬂect the physical condition of the
nonamputated leg, muscle power in the leg and thigh, presence
or absence of comorbidity with disturbance of balance or
power, and age-related balance problems. In amputee patients,
the role of the unaffected limb is very important for the func-
tioning of all patients with or without a prosthesis. Table 6
shows that, in predicting functional prognosis, it is important to
test whether a patient can stand on the unaffected limb without
support. The functional prognosis is less positive if a patient is
not able to stand on the unaffected limb without support. We
think that this test can be used soon after amputation for the
prediction of functional outcome.
Memory seems to be the most important of the mental
predictors for functioning with a leg amputation. The score on
the 15-word test 2 weeks postamputation was a signiﬁcant
predictor for the scores on the SIP-68 and the GARS. A good
memory may be important for relearning many daily tasks after
the amputation. Six weeks after amputation, the importance of
the CST and BDI became more obvious (data not presented).
The CST and the 15-word test both reﬂect cognitive impair-
ments and will interact. The relevance of the BDI 6 weeks after
amputation may partly be explained by the fact that this test
was fulﬁlled by all patients, whereas some patients refused to
do the 15-word test again because of a dislike of the test. In
general, we think that, in predicting functional prognosis, it is
important to develop a simple test for memory function as well
as a test that gives a quick impression of mood disturbances in
an individual patient.
Comorbidity was only found to be a predictor for the SIP-68.
Surprisingly, cardiopulmonary disease was not a signiﬁcant
predictor in our research. This may partly be explained by an
interaction with standing balance, which may also reﬂect some-
one’s cardiopulmonary condition. It is also possible that, by
coincidence, the severity of the cardiopulmonary disease was
too low to inﬂuence functional outcome. A more sophisticated
measurement of cardiac condition as was carried out by Cruts13










Not possible 31.210.1 49.912.5 34.617.2 3/13
With support 31.99.0 50.414.5 27.320.1 2/8
Without support 10s 15.99.8 31.811.3 24.78.7 7/9
Without support 10s 9.97.5 26.97.2 12.75.1 6/7
Total 23.613.0 41.215.4 23.913.2 18/37
NOTE. Values are mean  SD unless indicated otherwise.
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inﬂuence on functional outcome. However, this kind of mea-
surement is very difﬁcult to apply so soon after amputation.
Amputation level, described in the literature as an important
predictor, was not a signiﬁcant predictor in our study. This may
be so, for different reasons. The ﬁrst may be a skewed distri-
bution of the presented variable in our study population (main-
ly transtibial amputees). The second may be the interaction
between this variable and the standing balance variable. Pa-
tients with a higher amputation level may have more difﬁcul-
ties in maintaining balance on the unaffected limb because of
a greater disturbance of their body scheme.
The aforementioned variables explained a high percentage of
the functional scores on the SIP-68 (69%) and the GARS
(64%) and a moderate percentage on the TUG test (42%). The
remaining part may be explained by other variables such as the
functional abilities before the amputation, including personal
traits and motivation of the amputee. These factors were not
measured in our present research because of the logistics prob-
lems of seeing the patients before the amputation, and because
of the restriction in the number of possible measurements in
this elderly population.
CONCLUSIONS
In general, elderly patients with lower-limb amputation have
a low level of functioning 1 year after their amputation. An
important part of functional outcome could be predicted 2
weeks after the amputation by age at amputation, 1-leg balance
on the unaffected limb, and cognitive impairment. Severe co-
morbidity probably also played a role. The results may be used
in the general policy concerning leg amputees.
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